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Avail  and  i  O' 
O'st  Sp»c'ai 


In  the  foregoing;  article'*'  the  relationshir for  th-.;  j 

i 

determination  of  the  velocity  of  flame  propagation  In  a  i 
system  with  two  active  centers  having  identical  fiff’asi  n  i 
coefficients  were  obtained,  Thia  problem  for  two  active 
centers  with  identical  diffusion  coefficients  i;  .3  solved 
by  reducing  it  to  a  problem  ’with  a  simplified  system  of 

chain  reaction  and  actix-'e  centers  of  the  seisie  kind,  con- 

2  * 
sidered  In  the  first  article^'  which  was  devoted  to  the  the¬ 
ory  of ■  chain-thermal  propagation  of  laminar*  flame  in  a 
horaogeneoiis  gaseous  mixttire.  In  a  series  of  works  there 

where  considered?  the  dependence  tne  flaide  propagation 

3,  i  I 

velocity  on  pressure  and  temperature  ,  the  influen- j 

ce  of  the  hea.t  conductivity  of  the  hot  ra5.xture  and  of  the  | 

diffusion  coefficients  of  the  active  centers  on  the  velc- 

i 

city  of  flame  propagation  ,  and  the  role  of  branching  | 
and  ruptiire  of  chains  in  chain  reactions  having  relatively  | 

4  I 

low  speeds  of  the  branching  processes  ,  j 

\ 

In  this  article  a  re3.atlonsuip  is  developed  acooraing  : 
to  which  the  flame  prop>agation  velocity  and  the  distribu¬ 
tion  of  the  concentration  of  active  centers  in  dependence 

I 

f 

on  temperature  change  in  a  non-branched  reaction  system 
which  includes  two  kinds  of  active  centers  havirig  different 


diffusion  coefficients  can  be  calculated. 

The  system  of  the  reaction  and  the  systen  cf  the 
equations ,  The  system  of  the  reaction  in  which  A  and  5 
represent  the  starting  materials,  C  -  the  end  product  of 


reaction  and  and  P^, 

-  the  actve  centers  is 

set  up 

the  following  form; 

M-i-A  *  IPi  -4-  Af. 

(1) 

.M  -}-  Mt 

(1) 

<?!«»  -  fHPt»i  “  IhKi  (f*)  «£«,. 

(2\ 

+ 

AfAj  (7*')  It 

{3> 

P,  rC-*  B-t-Pi, 

Qy*!  •=  (7”')  «irrtj‘, 

(2) 

Pj  -f  C  -•  A  P:, 

QtPi  *  “=  luKi  (T*)  itQiti'. 

(3) 

2P,  x  Al  -*  A  +  M, 

(4) 

B  +  M, 

AV»’  - 

l4') 

On  the  right  are  written  the  expressions  for  the  rates  of 
heat  liberation  (or  absorption).  Here  h^  is  the  heat  ef¬ 
fect  of  the  reaction  in  cal/mole;  and  -  concentra¬ 
tions  of  the  active  centers  P,  and  in  mole/g  of  mixture 
ng  and  n^  -  the  concentrations  of  the  materials  A,  , 
and  C  In  mole/g  of  mixture;  and  -  constants  for  the 

reaction  rates  in  g  /cm^  "mole *360;  -  the  rate  of  chain 

generation  mole/cm^*sec;  T*  -  temperature  In  °K,  It  is 


2S± 


assumed  that  the  diffusion  coefficients  of  the  starting 
materials  and  Dg  and  the  product  Dq  are  equal  to  the 
coefficient  of  tempera t\ire  conductivity  ()l  »  *■  Cv^D^  ~ 

cj>D^),  and  therefore  the  rates  of  chain  generation  (3^  f.nd 
(1*)  and  also  the  expression  for  P4  are  written  as  fxmcti- 
ons  of  temper atiire  only. 

The  system  of  eqtiations  describing  the  process  of  the 
stationary  propagation  of  the  horizontal  laminar  flame 
for  the  reduced  reaction  system  and  tne  assumed  conditions 
is  brought  doim  to  three  equations 

-f  O  *  0,  (5) 

*^4-  -r  f >rtt  -  Fint  —  -r  Ri  —  ^  0,  (6) 

+  firti  -I-  firti  -  firt*  — fVH  -r  /?2  -  *  0.  (7) 


where  B  =  vi(^,  Di=  ^Dp^,  D2=  f  Dp^,  tI^Js^T*  -  - 

^2*  £^1^1  “  X^nf  '+•  X2n|  and  p  =  -1^;  x  -  the  coordinat 
on  the  axis  of  the  normal  flame  surface  in  cm;  u  ~  the 
flow  rate  directed  along  the  x  -  axis  in  cm/aec;  den¬ 
sity  in  g/cm^;  X  *  heat  ccaiductivity  in  cal/cm  •  sec*  deg¬ 
ree;  c  -  heat  capacity  at  constant  pressure  in  cal/g  '  deg 
ree;  D-p-  and  -  the  diffusion  coefficients  of  the  activ 


-5 

centers  and  Fp  in  cm‘‘/sec. 

The  index  ”0”  will  refer  to  ha¬ 
state  of  the  fresh  mixture  (T*  ^  Index  '‘r”  to  the 

state  at  combustion  temperature  (T*—  T*,-  ),  but  index  "rn** 
to  the  state  corresponding  to  the  maximal  value  or  the 
temperature  gradient  (T*  « 

The  sum  of  the  functions  of  the  heat  llbsi  Ion  rates 
in  i^)  and  the  stims  of  the  fimctions  of  the  reaction  rates 
in  (6)  and  in  (7)  are  equal  to  zero  at  T*  s  Tq  and  T*  -  Tp, 
The  limiting  conditions  for  equations  (5),  (6),  and  (7 
are: 

T*  =s=  r*,  fix  a=  rtn,  a»  ase  Q;  (8) 

7''  =»  Trt  /ti  =  flir  ,  rtj  =s  flir  »  0.  (9) 

Similar  conditions  are  true  for  flames  without  heat  loss 

into  the  surrounding  medt\im  and  were  accepted  on  the? 

1  2 

strength  of  the  foregoing  consideration  ’  , 

Determination  of  the  velocity  of  flame  propagation. 

The  calculation  of  the  quadratic  nipture  of  the  chains 
which  considerably  complicates  the  end  re¬ 

sults  does  not  lead  to  a  marked  change  in  the  value  of  the 
theoretical  velocity  of  flame  propagation  ,  Therefore , in 


the  beginning  it  will  be  assvsned  that  =  Wg  =•  0,  Further 
it  will  be  shown  how  to  figixre  the  velocity  of  flame  pro¬ 
pagation  by  taking  into  consideration  the  velocities  of 
the  quadratic  chain  jrupture  and  utilizing  the  approximate 
relationships  obtained  inflj  (figures  in  brackets  refer  to 
references  in  the  bibliography,  transl,)* 

The  method  of  solution  of  this  problem  based  on  the 

idea  of  solution  of  equations  of  type  (6)  and  (7)  with 

ials 

conditions  (8)  and  (9)  in  the  form  of  polyntm#  of  the  se¬ 
cond  degree  was  considered  in  detail  and  proved  in  [.sj* 

In  agreement  with  and  on  basis  of  (5)»  (8),  and  (7) 
the  concentrations  of  active  centers  at  temperature  T  « 

T  corresponding  to  the  maximal  value  of  the  temperature 
®  P  g  Piny 

gradient\/ban  be  written  as  follows  s 


ftim  *■  4"  W|Pm) 

/Ian  •“  4”  (Rtm  4"  —  B^Pm)  Nt* 


where 


*1  — - f 

^  r 


4  =  - 


A/,- — ^ , 

C,*f,4-f,  a  n.=.0,5rr. 
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r 

Solving  (10)  and  (ll)  we  find  after  rearrangement 

*  ^T“^r-r2OT - ’  ^ 

- i  +  «J».  +  6,JV. - ’  <”> 

•'*'"* /-I, +!;«*-», +  «^  j 

I 

I 

i 

Substituting  (12)  and  (13)  into  (5)  and  considering 
that  at  T  s  P  *  sind  (dp/dT)jj^».0,  and  also  using  the 
relationship  obtained  earlier  B*  t)  p^j «  vhieh 

V  *  “®  obtain  by  introducing  these  symbols  in  (10)  | 

and  (11):  j 

+  AiPI  +  4iPl  -f  i44  ■*  0»  (14 

where  At  *  4c4l3kM<^. 

^  -  2cv  (OiJ[^w.  +  C»A»)  +  2  V  (5ui,l,l3U  +  S.-W^ 

-  4£W^«  (5,.^,  +  ~  4IW^ 

^  -  V(5|«aK.  +  «SM6i>i.)r*— 2r  <l,Oi«  +  +  5w3w,)  - 

•Sj  **  Qi  -t"  Q-i  =  +  A*r*, 

St  «:  Q,  -{-  0,  s  Ajft  +  i 


The  oaloulation  of  the  ehaln  generation  rates  does  I 

1 

not  substantially  Influence  the  theoretical  value  of  tr.e 

i 

flame  propagation  yeloclty  with  the  exception  of  special 
oases  ^en  into  the  hot  mixture  a  material  is  introduced 
which  is  easily  decomposed  with  tae  formation  of  active  i 

centers*  Therefore,  disregarding  the  rates  of  chain  gene-  | 
ration,  i.e.  assuming  that  =  R  a  ^=0,  we  obtain  1 

from  (li;.) 

i^lP*  +  p,  +  ^  =  0,  (15) 

♦ 

■t 

j 

t  I  ,  ! 

tdiere  A2  and  are  A2  and  A^  at  R^  s  q>  a  0,  | 

The  velocity  of  flame  propagation  will  be  determined  ^ 
xxsing  relationships  which  are  found  frc?sn  the  relationship 
Ba  Y)p^  placing  these  values 

into  (5)»  (6),  and  (7): 


0,  =a  X  Tijp  ,  (|g)  j 

where  p-  is  determined  from  equation  (II4,)  or  from  the  ! 

! 

approxlioate  equation  (15).  \ 

Prom  relationship  (16)  and  equation  (15)  for  the  | 

detersiination  of  the  velocity  of  flame  propagation  simpler  | 

approximate  relationships  can  be  obtained  which  are  slmllarj 

1*2,5  I 

to  those  which  were  derived  in  foregoing  works  •  | 

Ussiuaing  that  in  (15)  A^i^  0  and  also  taking  into  ccnside-  | 


6 


—A. 


I  ration  that  "a-  2ci;r{G5j^D2jj,  ***  G2ir?lm'‘ 


p: 


1>-^) 


ii")  I 


i  t^ere 


2a  ^  2aia,  (fi  /») 
»  (h»iai -r  ***»a*j 


cD 


]  *1  *= 


»• 


cD. 


X.  = 


at 


D\x  — 

S)-' 

(TT> 

*„d  d„=-!£!=±^.. 

h  +  »f 


Placing  from  (17)  into  (16)  and  placing  these  values 
into  (10)  and  (11)  we  obtain  an  aprroxiniat©  relationship 
for  the  determination  of  the  velocity  of  f j  >-jne  propagation 


Ut 


\ 

1 where 


'??o7ry  577(g 


)(5.-C, 


jw  "6 


(18)  i 


(19) 


9 


^  I  ("ir  «tri  +  ^im^im)  ‘ 


(20^ 


The  relationship  (16)  can  he  represented  In  a  form 


( 


( 


which  conforms  with  the  form  of  the  relationships  obtained 
in  foregoing  works'*’*  *  for  simpler  cases  If  the  effective^ 

total  concentration  of  the  active  center  of  one  t3rpe  | 

I 

the  effective  diffusion  coefficient  and  the  effective! 

value  ^  are  introduced.  After  simple  rearrangements  we  \ 
obtain  from  (16)  and  (20)  | 


1  1  / 

Po  V  ‘^Ty 


Pm 


where 


nr  rr.  (M.r  -V-  n^.r) 


('’xr  +  «ir) 


^I  'ln  —  ..  .t 

V  +  "7r 


I 

(21)  i 


(22  > 
(23) 


(24)  1 


Previously,  when  the  disintegrating  flame  was  consi- 
2 

dered  the  mechanism  of  the  gradual  (non-brsuiched)  chain 
reaction  was  represented  by  a  simplified  system  with  one 
kind  of  active  centers.  The  simplified  system  was  intro-  | 
duced  to  facilitate  the  solution  of  the  flame  oropagation 

_ _ _ i 


10 


problwn  in  a  system  reacting  according  to  the  chain  mecha¬ 
nism,  The  relationships  (21)  to  (24)  verify  the  auhstanti- 
elity  of  the  simplified  system  of  the  chain  reaction  assu-^ 
med  earlier^'^  and  give  an  opportunity  to  determine  for 
this  simplified  system  the  effective  concentration  of  i 

i 

one  kind  of  active  center  at  combustion  tempera txire  (22),  ! 
the  affective  diffusion  coefficient  (23)  and  the  effective; 
constant  of  the  rate  of  the  chain  continuation  process  j 
which  in  conformity  with  (2I4-)  is  equal  to  All 

! 

of  the  effective  values  indicated  are  determined  from  the  j 

i 

data  of  the  reaction  system  with  two  active  centers  and  | 
different  coefficients  of  their  diffusion,  ; 

Relationships  (I8)  or  (21)  do  not  taJte  into  oorxside-  | 
ration  the  Influence  of  the  rates  of  the  generation  and  ^ 

i 

the  quadratic  rupture  of  the  chains.  Using  the  approxi-  j 
mate  relationships  obtained  in  and  adduced  to  also  in  | 
we  find  from  (21)  the  final  relationship  for  the  deter¬ 
mination  of  the  velocity  of  flame  propagation  Uq  taking  | 
into  consideration  all  of  the  processes  according  to  (1),  ■ 
d'),  (2).  (3),  (2'),  (3'),  (4),  and  (lx'):  1 


(25) 


Where  ,  Dpj^  and  are  found  from  relationships  (22), 
(23)  and  iZk) ,  bnt  the  coefficients  of  the  rate.  and  ^ 
;  taking  into  consideration  the  influence  of  the  generation 
!  rates  and  the  rates  of  the  quadratic  chain  rupfure,  are 

I 

I  calculated  from  the  relationships: 


4,^/1 


J  ,  J 

(26) 

\-r 

(27) 

f 

Where  R  qj.  y  Rpm  ^1:^  '^2m» 

from  a  relationship  corresponding  to  (17),  Such  a  repre-  | 

f 

sentatlon  of  the  total  effective  rates  of  the  generation  j 
and  the  quadratic  rupture  of  chains  In  the  form  of  s\ims  | 
of  the  rates  for  xjnlike  active  centers  having  differing  | 
diffusion  coefficients  is  net  entirely  as  strict  as  in  thej 
cases  when  the  diffusion  coefficients  are  equal,^  However^ 
with  I  and  kI/  being  little  different  from  unity  one  ran  j 

'  i 

succes3f\illy  use  the  relationships  (26)  and  (27),  which  ? 

!  often  takes  place  in  real  cases.  ■ 

I 

Assximing,  as  it  was  done  in  [2jf  that  the  distribu-  j 
tion  of  the  concentrations  of  the  active  centers  P^and  I 
is  determined  by  the  values  of  tne  quai) titles  at  T  «  j 


12 


I 

(the  admissibility  of  such  an  assumption  was  proven  | 

in  r^sj )we  obtain  in  conformity  with  (12)  and  (13;  and  by  f 

( 

i  placing  the  values  in  (10)  and  (11)  the  dependence  of  the  | 

I  concentration  of  the  active  centers  on  the  temperature:  f 

i 

-  ■  '  >  ,28)  ’ 

+o„.i-.jr(r,-r)  ’  j 

i 

m  ^  ~  ^  ~  (2fi)  I 

I  *  +  •^Pm  i^vn^m  +  ^vn^xmi  ^  (^i  ^ )  | 


where  A„=  2Pm(liDi„+  -  r)lp|)T(Tr  - 

but  PjQ  3?  is  foimd  from  the  solution  of  (114.)  or  (15) 
or  from  the  approximate  relationship  (17)# 

In  contrast  to  the  functions  n^CT)  and  obtained; 

in  [^2 J  for  the  case  when  the  diffusion  coefficients  of 
both  active  centers  are  equal#  the  dependences  (functions) 
(28)  and  (29)  are  derived  taking  into  consideration  the 
rates  of  chain  generation* 


DISCUSSION  OP  THE  RESULTS  OBTAINED 


Let  us  consider  some  of  the  consequences  resulting 
from  the  relationship  (21)  or  (25)#  Having  asstuned  In 


(24.)  for  the  sake  of  simplicity  that  P^^  *  0  and  Fj^  —  0 


13 


we  obtain  for  the  quantity  a  simpler  relationship  | 

=  (“l  +  ‘>2)Pi^2ni/<*'iB+  J'an’*  ®‘®  on 

( 

which  the  rate  of  heat  liberation  In  (25)  <^et>«nd3  and,con-i 

I 

aequently,  also  the  velocity  of  flame  propagation  4re  | 

determined  in  the  same  way  as  in  |^lj»  namely, f tom  the  | 


smallest  of  the  values  or  Pp^» 


When  P;^=  Pg^  the 


quantity  ^  =  (h^  +  hg)  P^j^/S  (h^^  +  h^)  The 

quantity  does  not  depend  on  and  and  on  indivi¬ 
dual  heat  effects,  but  is  determined  by  the  algebraic  sum  | 

I 

of  the  heat  effects  of  two  consecutive  chain  continuation  j 

I 

I 


processes.  The  rate  of  heat  liberation  depends  also  on 


the  product  l^relafclonahlps  (22)  and(23)J. the  value  | 

of  which  will  be  basically  determined  by  that  of  the  pro¬ 
ducts  n^^D^^ ^  or.  ^2^^p2m  turns  out  to  bs  the  highest 


under  the  given  conditions.  The  active  center  with  the 
greatest  product  will  be  the  determining  (leading^ 

active  center.  For  the  case  considered  in  j[lj  with  equal 
diffusion  coefficients  the  leading  active  center  was  the 
one  which  had  the  greatest  concentration  value  at  the 
combustion  temperature. 

The  product  of  the  two  fractions  on  the  right  side 
of  the  relationship  (22),  l,e,  the  quantity 
will  always  be  within  the  limits  between  the  two  extreme 
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possiblo  values  and  ^  consider | 

t 

the  product  n<«D«  of  the  relationships  (22)  and  '23)  at  ■ 

rSl 

P^»  ®  (this  means  that  in  the  relationship  (22) 

instead  of  0^  and  0^  there  will  be  and  ‘^2^*  respoc- 
I  tlvely).  It  is  obvious  that  this  product  to  a  considerable 
degree  is  deteriained  by  the  diffusion  flow  of  the  active 
centers  or  the  leading  active  center  having  the  maximal 
product  However,  the  diffusion  flow  cf  the  lead¬ 

ing  active  center  also  depends  on  the  ratio  of  the  rates 
of  the  conseci^tive  processes  (2)  and  (3)»  i«e.  on  the 
ratio  of  the  quantities  P^^  and  5*2m'  diffusion 

flow  depends  not  only  on  and  but  also  on  the  j 

concentration  of  the  leading  active  center  at  j 

which  in  cum  depends  on  the  rate  of  consumption  and  for-  j 

mation  of  the  leading  active  center «  Let  us  assume,  for  | 

example,  that  nirP^w  >  ^2r^2aL*  quantity  accord! 

ing  to  relationship  (22)  will  essentially  depend  on  the  | 

i 

size  of  the  quantities  P^^D^  and  EgmPlm*  Koroover,  if  | 

^liii*^2m^  ^2bPiib#  cmcentratlon  at  T  »  will  j 

to  a  high  degree  depend  on  the  rate  of  consumption  ac-  - 
cording  to  process  (2),  This  la  explained  by  the  high  | 

rate  of  cansumptlon  If,  however,  ^2m^la*  1 

then  the  eonoentration  P^ln  the  reaction  zone  will  to  a  j 


5 


low  degree  depend  on  the  diffusicti  flew,  because  the  rate  • 

i 

of  formation  according  to  the  proce:<s  O)  is 
comparatively  high.  However,  ar>  a  *s;riCle,  as  i  2 

( 

from  inspection  of  the  product  velocicy  of 

flar.e  propagation  is  determined  to  a  more  s ignii..car.v 

degree  by  diffusion  flow  of  the  active  centers  in  a  system- 

of  •’j:ibj.anched  chain  reactions,  which  is  quite  evt.i-nt 

physically.  In  ca^ss  when  there  will  be  a  high?- 5'  branched  i 

i 

reaction  or  an  unbr-^nched  reaction  with  a  relatively  high  j 

of  ,  j 

rate;' generation  of  active  centers  ithis  erm  har  pen  upon  ; 


addition 


of  small  quantities  of  ozone 


or  any  other  substarree  'o  liot  mixture  which  (the  | 

substance)  would  rapidly  decompose  rjith  a  fociriation  of  ac¬ 
tive  centers  at  temperatures  belcw  that  of  cembusbionj 
the  leading  role  of  tiie'  diffusion  of  the  active  centers 
in  the  flame  propagatioii  will  be  eliminated  as  a  ccnseqi;-*  j 
ence  of  the  high  rate  of  generation  of  active  centers  in 

the  reaction  zone  viue  to  the  branching  or  generation  of  i 

i 

chains ,  | 

I  The  leading  active  center  will  basically  dete;v?ilne  the 

i  } 

I  ch€U*acter  of  the  dependencies  ot  the  flame  propagation  i 

rate  on  pressure  and  combustion  tempera i/ure.  The  concon-  ’ 
trations  of  the  various  active  centers  can  by  themselves  I 
depend  on  the  pressure  and  temperature  of  combustion  of _ | 


1,3»5 


a  mixture  of  a  given  Initial  composition  •  Upon  j 

( 

changing  the  initial  composition  of  the  mixt^^»e  the  rapi¬ 
dity  of  the  change  In  the  concentration  of  the  given  actl- 
I  ve  center  changes  with  a  change  In  pressure  and  temper atu- 

'  3 

}  re*  Therefore  when  the  preasui’C  is  changed  the  leading  j 
role  may  pass  from  one  active  center  to  another  and  will 
depend  on  the  composition  of  the  mixture.  Therefore ^  also 
I  the  effective  activation  energy  determined  by  formulas 

i  obtained  without  taking  into  consideration  the  diffusion  ! 

j  I 

I  of  the  active  centers  will  depend  on  the  initial  composit- j 

TO  J 

I  ion  of  the  hot  mixtiire  j 

Relationship  (25)  enables  to  determine  the  true  con¬ 
stants  and  energies  of  activation  of  elementary  processes  • 

I 

) 

from  the  experimental  dependencies  of  the  rate  of  flame  | 

propagation  on  pressure  and  temperature  of  combustion^.  [ 

Relationships  (16)  and  (lij.)  allow  to  determine  the  expert- 1 

i 

mental  values  of  the  constants  and  activation  energies 

i 

with  a  great  accuracy*  I 

j 

Numerical  calculations*  The  I'elationships  obtained  j 

f 

enable  to  carry  out  calculations  of  absolute  theoretical  ' 
values  of  the  flame  propagation  velocities  for  real  cases 

i  I 

!  when  the  values  found  experimentally  (not  dependnet  on  the ; 
1  » 

{flame  by  purely  kinetic  methods)  and  necessary  for  the  \ 
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oaloulation  of  the  rate  constants  and  activation  energies  | 
of  elementary  processes  are  assumed.  Tl-ie  systtr^  ?l;own 
In  the  beginning  of  the  article  Is  true  for  the  combustlonj 
of  halogen-hydrogen  mixtures.  As  an  example  combustible  ■ 
chlorine-hydrogen  mixtures  were  selected  whose  kinetics  | 
are  well  known  and  can  be  represented  by  the  following  > 
system  of  chain  roactions; 


4 

a+H,  — KQ-rH,  2I0*.  Ai »  (- j 

/  250n\  { 

H--ca»-^Har  Cl. 

i 

H4.Ha  — Hi-a.  .«,«2  !D\  IC,-|0*^V«xp(— ^)  ;  j 

i 

j 

where  twc  values  for  th^  coefficient  were  assumed:  • 

Kp  «  and  K  s  lO"^^*^,  The  dependencies  of  the  rate.' 

constants  of  the  reactions  shown  were  taken  from  the  data  | 

6  7  > 

of  Trotman-Dlckenson  and  Schumacher, 

Data  for  two  mixtures  obtained  on  the  basis  of  thermo.* 

* 

dynamic  calculations  are  shown  in  table  1,  where  u  is 
the  molecular  weight  of  the  mixtvire* 

For  both  mixtures  the  diffusion  coefficients  of  the 
active  centers  and  the  heatconductlvity  were  taken  from 
the  work  of  Hellwig  and  Anderson  :  sz  0,19  (chlorine  \ 
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?  atom)  and  Dp2Q  *  1*04  (hydrogen  atom)  at  '  0-2  s'  1.9 
I  and  Aq  -  8*6  •  10 


i  The  results  of  calculations  according  to  relationship i 

■  i 

i  (29)  are  given  in  table  2,  where  the  data  for  corresponding 
‘  9 

I  mixtures  obtained  by  Bartolome  are  p.isc  given.  In  view' 

'  i 

1  of  some  confusion  In  regard  to  the  value  of  the  ooefficieni) 

I 

f  of  process  (3)  the  calculations  were  carried  out  vjth  the 

!  (  W  1 

I  two  values  of  indicated  above.  In  both  cases  ■*  1.00  j 
i  and  -  1,00  ,  although  an  extremely  high  value  ,  ' 

57  OOOA  ; 

RT*  J  was  taken  for  the  rate  constant  of  j 
the  generation  of  chlorine  atoms.  For  the  rate  constant  | 
of  the  quadratic  rupture  of  the  chains  the  value  taken  | 

was  2  •  lO"^^  cm^/molecule^  •  sec.  Hie  results  of  tne  ! 

{ 

calculations  show  that  when  the  rats  of  the  quadratic 

chain  rupture  is  taken  into  account  there  is  practically  | 

» 

no  influence  on  the  calculated  value  of  ohe  flame  propa¬ 
gation  velocity  (for  tp-  1,00), 

The  comparison  of  the  experimental  values  of  ve-  j 
locities  of  flame  propagation  with  the  theoretical  ones,  > 

I 

calculated  using  relationship  (25)  and  given  in  table  2,  | 

indicates  their  satisfactoj*y  agreement.  In  the  first  ar-  ’ 
tide,  ^ich  was  devoted  to  the  study  of  the  flame  propu-  | 
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.mit'unif*'' 


Table  1 


The  Data  of  the  Thermodynamical 
Calculation 


S  S  I  s  S  H 


o  ©  o 

« 

»  4  i4 


o  o  © 

»  M  rft 

R  a  a 


o  c 

««a 

a  s 


^  ..SR^ 

""  H  A 

©I  M 

"H*  •  ♦ 

^  4>  © 


S  ^  iS 


III 

IS  fi  s 


i  1 1 

I  «  I 

V  V.*  v." 


• 

fe  i  ^ 
s  a  H 

<y  • 

8  i  I 

«  B  II 

V  V*  u- 


to  o 


H  CU  ^  \A 


degree 


I 


Table  2 


Experimental  and  Theoretical  Values  of  Flame 
Propagation  Veloeitlee  (oa/aec)  for  Chlorine- 
hydrogen  Mixtures 


<2> 


^^Cocraa  cmccx 

yaa 

^ _ 

405 

3fi0 

no  ooon 

kim««>(25) 

npa 

•  lO**'’ 

347 

368 

no  ooon 

■omemio  (25) 

npN 

252 

m 

1.  Composition  of  mixture 

2.  Experimental  data  of  Bartolom4^ 

3.  Prom  relationship  (2$)  at 

Prom  relationship  (2$)  at  Kg  »  10^^*^ 


. .  - . .  -  ■  — . -  —  t  - - 

gatlon  prooass  in  a  system  with  a  simplified  schema  of 
the  chain  reaction  and  which  Included  active  cent«>>rs  of 

one  kind,  oonqparison  of  results  obtaineu  by  theoretical  | 

! 

calculation  according  to  a  relationship  of  the  type  of  \ 

f  I 

1  (25)  with  results  obtained  by  numerical  integration  of  j 
I  the  equation  of  the  initial  system  was  given.  The  differ  I 
rence  in  the  rumerlcal  values  of  the  flame  propagation  j 
velocities  in  these  two  c&ses  was  a  few  percent.  Taking  | 

I 

this  circumstance  irto  consideration,  and  also  the  data  oni 

the  comparison  of  o:\f -irl  tiontal  and  theoretical  values  I 

» 

I 

given  in  table  2  a  coitcl  i.'iioB  must  be  made  that  the  theo¬ 
retical  considcratic  t  oi  v/st©m  with  the  unbranohed 

I 

chain  reaction  oorr- .i^ibes  the  real  process  of 
flame  propagaticn. 

The  results  (table  2)  substantiate  the  pos¬ 

sibility  to  determir.a  the  true  constants  and  the  activat¬ 
ion  energies  of  chain  continuation  processes  from  the  ex- 

I 

perlmental  dependencies  of  the  flame  propagation  velocity  \ 
on  the  combustion  temperature. 

The  author  expresses  his  deep  appreciation  to  V,  N.  j 
Sondrat'yov  for  his  valuable  advice  and  help  in  this  work, | 
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coNCLUSio::s 

1,  For  the  sche:;r:*  of  in  unbi-an i  chain 

i  with  two  active  centers  relationsliips  were  cbtained  i or  | 
j  ths  determination  of  the  flare  pro-  agati  on  v;:’''.:  ,:  v  .  h  . 

\  take  into  consideration  the  hl.'fusicn  or  noth  of  tha  ac¬ 
tive  centers  that  have  differing  dlffnoion  coefficient.^ 
and  which  also  take  into  conai-iertition  t  rate  of  gene-  ; 

1  ration  and  the  rate  of  the  quadretlc  ruptcre  of  the 

I 

chains, 

2,  For  two  cases  of  combustion  of  ch?.crine-nydrogeri 

I 

mixtures  the  theoretical  values  of  the  xlame  prop ion  ! 

I 

velocities  were  calctilated,  which  are  in  a  sat.  .-'.factory  ; 
agreement  with  experimental  data. 
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